abstract BACKGROUND AND OBJECTIVES: It has been suggested that maternal depression during pregnancy is associated with asthma in the offspring, but the role of medical treatment of depression is not known. Our goal was to examine whether prenatal antidepressant use increases the risk of asthma in the offspring.
WHAT'S KNOWN ON THIS SUBJECT: Asthma is one of the most common chronic diseases in children. It has been suggested that maternal depression during pregnancy is associated with asthma in the offspring, but the role of antidepressant use during pregnancy is not known.
WHAT THIS STUDY ADDS:
In our prospective cohort study, we found that maternal antidepressant use during pregnancy generally did not increase the risk of asthma except for use of older antidepressants, which could reflect confounding by the severity of maternal depression.
Depression affects up to 7% to 13% of pregnant women. 1, 2 The use of antidepressants during pregnancy has increased, from 0.2% of pregnancies in 1997 to 3.2% in 2010 in Denmark, 3 and from 2.0% in 1996 to 7.6% in 2005 in the United States. 4 Antidepressants may cross the placenta and enter the fetal circulation, 5 thus making use of antidepressants during pregnancy a public health and a clinical concern.
Antidepressants may impact the fetal development of the respiratory system. 6, 7 Studies have linked exposure to antidepressants in utero to persistent pulmonary hypertension of the newborn and pulmonary diseases. 8, 9 Exposure to antidepressants in utero may also increase the possibility of fetal growth restriction, 10 a risk factor for the development of asthma. 11, 12 Little is known, however, about the effects of exposure to antidepressants in utero on the development of asthma. To our knowledge, only 1 study has been published on this topic, which suggested an association between antidepressant use during pregnancy and asthma in the offspring. 13 However, the underlying maternal depression was not taken into consideration in this study. Furthermore, the effects associated with subtypes of antidepressant use or the timing of medication were not investigated.
The goal of the present populationbased study was to explore whether maternal antidepressant use during pregnancy is associated with asthma in children. We postulated that maternal depression would play a role, and we expected the associations to be varied according to subtypes of antidepressant used and the timing of medication.
METHODS

Study Population
The study was based on linkage of several national registers in Denmark. 
Asthma
Asthma in children was identified by using the Danish National Patient Register and the Danish National Prescription Registry. Because a definitive diagnosis of asthma cannot be made before the age of 3 years, 19 asthma was defined as at least 2 prescriptions for antiasthmatic medications or 1 asthma hospital contact after 3 years of age from 1999 through 2010. Asthma hospital contact was identified based on ICD-10 codes J45 and J46. The Anatomical Therapeutic Chemical codes for inhaled asthma drugs were as follows: inhaled b 2 -agonists, R03AC02, R03AC03, R03AC04, R03AC12, and R03AC13; inhaled glucocorticoids, R03BA01, R03BA02, and R03BA05; fixed-dose combinations of inhaled b 2 -agonists and glucocorticoids, R03AK06 and R03AK07; and leukotriene receptor antagonists, R03DC03. Two or more medications prescribed on the same day were considered to represent 1 prescription. The first diagnosis of asthma was defined as the date of first admission, emergency department or outpatient contact for asthma, or first antiasthmatic drugs redeemed in the registers, whichever came first after 3 years of age.
Covariates
The following potential factors were adjusted for in the models: maternal country of origin (Nordic countries, non-Nordic countries), maternal parity (first, second, and third and higher), maternal age at delivery (,25, 25-29, 30-34, and $35 years), maternal social status at birth (not in labor market, unskilled workers, skilled workers and white collar workers, and top level status), maternal smoking during pregnancy (yes, no), maternal history of asthma, gender of the child, and calendar year of birth (each year as a category). Information on gender of the child, calendar year of birth, maternal parity, maternal age at delivery, and paternal age at delivery were obtained from the DMBR. Information on maternal social status and maternal country of origin were obtained from the Danish Integrated Database for Longitudinal Labor Market Research. 20 Information on maternal history of asthma was obtained from the Danish National Patient Register and the Danish National Prescription Registry.
Statistical Analysis
A Cox proportional hazards regression model was used to estimate the hazard ratios (HRs) with 95% confidence intervals (CIs) for maternal pregnancy antidepressant use and asthma in children. Robust SEs were used to account for the fact that some mothers contributed data for .1 live singleton. A diagnosis of maternal depressive disorder or use of antidepressants 1 year before or during pregnancy was used as an indicator of prenatal maternal depression. The HRs were calculated for asthma in children born to mothers who had prenatal depression and children born to mothers who used antidepressants during pregnancy. The reference group comprised children born to mothers without a diagnosis of depressive disorder and no antidepressant use 1 year before or during pregnancy.
To explore whether the association between maternal antidepressant use during pregnancy and asthma in children accounted for the underlying maternal depression, we restricted our analyses to children born to mothers with prenatal depression. The reference group consisted of children born to mothers with depression and not taking any antidepressant during the index pregnancy. To examine whether the association between antidepressant use during pregnancy and asthma depended on the subtypes of exposure to antidepressants, we categorized the subtypes of exposure to antidepressants into 4 groups: SSRIs only, newer antidepressants only, older antidepressants only, and .1 subtype of antidepressants. Exposure to .1 subtype of antidepressants was further categorized into 4 groups: SSRIs and newer antidepressants, SSRIs and older antidepressants, newer antidepressants and older antidepressants, and all 3 subtypes of antidepressants. To examine whether the association between antidepressant use during pregnancy and asthma modifiable by the timing of exposure to antidepressants, the timing was divided into 3 groups: the first trimester (first 90 days after the last menstrual period [LMP) only, the second trimester (91-180 days after the LMP) or the third trimester (181 days after the LMP to date of delivery) only, and .1 trimester.
To examine whether the associations between prenatal maternal depression, antidepressant use during pregnancy, and asthma in the offspring was confounded by shared environmental or genetic variables, 21 comparisons with associations between prenatal paternal depression, paternal antidepressant use during the index pregnancy, and asthma were included; we also adjusted for maternal depressive disorder and maternal antidepressant use 1 year before or during pregnancy, as well as paternal age at delivery. If the potential effects are due to an intrauterine exposure, maternal depression and antidepressant use during pregnancy should have a greater influence than paternal depression or antidepressant use during the index pregnancy.
All analyses were performed by using Stata version 11.2 (Stata Corp, College Station, TX).
Ethics
The study was approved by the Danish Data Protection Agency and the Science Ethics Committee of Central Region Jutland in Denmark. According to the legislation in Denmark, no informed consent is needed for a register-based study with public health interest based on encrypted data.
RESULTS
Of the 733 685 children in the cohort, 21 371 were born to mothers with prenatal depression. Among these, 8895 children were born to mothers who had redeemed prescriptions for antidepressants during the index pregnancy, and the remaining 12 476 children were born to mothers not using any antidepressant during pregnancy. Compared with mothers with no record of prenatal depression, mothers with prenatal depression were characterized as having more previous pregnancies, having lower income, being smokers, having a higher proportion of asthma history, and giving birth in later calendar years. In contrast, mothers with prenatal depression and no antidepressant use during pregnancy and mothers with antidepressant use during pregnancy were comparable, except for maternal age at delivery and their children's calendar year of birth (Table 1 Of mothers who were prescribed older antidepressants only during pregnancy, 81% of them were prescribed TCAs. The HR for asthma after use of TCAs only was 1.28 (95% CI: 1.06-1.56).
There was little evidence of any association modifiable by the timing of exposure to antidepressants (Table 3) .
Compared with children born to fathers with no prenatal depression, children born of fathers who had prenatal depression was associated with an increased risk of asthma in the offspring (HR: 1.11 [95% CI: 1.06-1.16]), and paternal use of antidepressants during the index pregnancy corresponded to an HR of 1.12 (95% CI: 1.06-1.18). When restricting analyses to children born to fathers with prenatal depression, the HRs for asthma in children exposed to paternal use of SSRIs only, newer antidepressants only, and older antidepressants only during pregnancy were 1.01 (95% CI: 0.91-1.12), 0.98 (95% CI: 0.83-1.16), and 1.09 (95% CI: 0.93-1.29), respectively.
DISCUSSION
In this cohort study based on prospective data, both prenatal maternal depression and paternal depression were associated with a moderately increased risk of asthma in children. Antidepressant use during pregnancy in general did not increase the risk of asthma in the offspring among women with depression, with the exception of use of older antidepressants. The negative control, paternal use of antidepressants during the index pregnancy, was not associated with asthma in the offspring regardless of subtypes of antidepressants.
We found that maternal depression during pregnancy was associated with an increased risk of asthma in the offspring, which was consistent with results from a previous study. 22 Interestingly, paternal depression per se was associated with childhood asthma, suggesting that either genetic or environmental effects outside the intrauterine environment may at least partly explain the association found between maternal depression and asthma.
SSRIs and TCAs are believed to cross the placenta and enter the fetal circulation, 5, 23 and many antidepressants influence the serotonin homeostasis. Because serotonin modulates the activity of the respiratory rhythm generator and regulates cell proliferation and maturation of the lung, 6, 24 antidepressants may, thereby, influence the development of the lung. As a consequence, exposure to antidepressants in utero may be associated with asthma later in life. Evidence for this finding, however, is sparse. A previous study found that antidepressant use during the second and third trimesters increased the risk of asthma by 30%. 13 However, if maternal depression increases the risk of asthma in children, 22 the association between antidepressant use and asthma may be confounded by indication (as shown in the present study).
The potential association between antidepressant use and health outcomes in children might depend on the subtypes of antidepressants used. 8, 10, 18, 25 We observed only an increased risk for asthma after maternal use of older antidepressants during pregnancy (mainly TCAs). The risk of congenital malformations, large for gestational age, and respiratory problems was higher after exposure to TCAs than after exposure to SSRIs or other antidepressants. 8, 25, 26 It is possible that TCAs may have different pharmacokinetic properties than SSRIs and thereby have an effect on asthma. Uncontrolled confounding is another possible explanation. The underlying severity of depression may vary substantially between women treated with different subtypes of antidepressants. TCAs are widely used to treat severe endogenous depression, 27 and women treated with older antidepressants may therefore suffer from a more severe or treatmentresistant disorder. The association we found between older antidepressants and asthma in children could reflect confounding by indicators.
The linkage of several populationbased registers in Demark enabled us to use a large study population to estimate the effect of antidepressant use during pregnancy on asthma with almost complete follow-up. Prescription data were used as proxy measures for exposure to eliminate recall bias and to increase the precision of the information on subtypes of antidepressants. We defined our outcome (ie, asthma) based on objective medical records. The sensitivity of asthma diagnosis in the Danish National Patient Register was 0.44, and in the Danish National Prescription Registry, it was 0.63. 28, 29 There is a substantial nonoverlap between the asthma cases ascertained by the 2 registers (k = 0.21). The hospitalization registry may capture more severe asthma cases, whereas the prescription registry identifies a heterogeneous mix of asthma cases (ranging from suspected cases to more severe cases). 30 The use of prescription and hospitalization registers probably enabled us to identify ∼85% of asthma cases, estimated by the capture-recapture method. 31 The availability of population-based data on potential confounding variables provides some options for confounder control when studying the relationship between prenatal maternal depression, antidepressant use during pregnancy, and asthma.
Our findings should be interpreted in the light of limitations. First, misclassification of the exposure is a potential problem, because nondifferential misclassification will tend to bias the results toward the null. 32 It is unknown whether the prescribed drugs were actually taken. 
